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(54) ARACHIDONIC ACID-CONTAINING EDIBLE FATS AND OILS AND FOOD CONTAINING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain arachidolic acid-contg. edible fats and oils which are the 
arachidolic acid-contg. edible fats and oils obtainable from the microorganisms belonging to the 
Mortierella subgenus of Mortierella genus having arachidolic acid producibility, are low in the 
content of unsaponifiabie materials, do not contain sterol having the cyclopropane ring having no 
dietary experience in particular among these materials as far as possible and are particularly 
suitable for production of prepd. milk for infants. 

SOLUTION: The arachidolic acid-contg. edible fats and oils have <0.8wt.%, more preferably <0.6wt.% 
unsaponifiabie material content and >20wt.% arachidolic acid content and are derived from the 
microorganisms. The edible fats and oils are <0.3wt.%, more preferably <0.15wt.% 24,25- 
methylenecholesto-5-en-3 -ol. The microorganisms are the microorganisms belonging to the 
Mortierella subgenus of Mortierella genus having productive ability of the arachidolic acid. The 
microorganisms belonging to the Mortierella subgenus are the microorganisms belonging to the 
Mortierella genus Alpine species. 
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[ii*js 1 ] xt^^s*^ 0 . 8 m&%&.r~c. 

1 cDm^a**©r 7^ F>^^WAfflttli. 

5-x>-3|S-^-;b3&S0. 3Sa%JKT-C«)5ft* 
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3 2 2 (1 9 9 4) K C©2^3 > ^^C^:^»a?L 
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[0003] C<0^^rj:T'^^ Yymit. miWiC!K< 

■SCiCCi-o-C. T^^F>miK$*l*fll!&^f#6tlSC 
i>&s^^tl-rtr^-S (#P§BS6 3-4489 1> !^IBBS6 
3- 12290). Lf>^LCfxh<Dmmit^^tmf.> 

iii-m<Dm&^%mmox»t^ti?,mnmt. ^<D:ksm 
35s F >j y -fe >; F 7 0 ss^Jsyjb) ro' u >ii«tr 

■r-SXr-P-Jl'. *f*e^J(Ci*2 4, 25-y9^U>3U 
XF-5-J^>-3/S-:f-;U (24. 25-meth 
yl enechol est-5-en — 3(3-o 1) 
#i5E-rSCi*S5S^3nT(,^-5> CL I P I DS, Vo 
1. 27, No. 8, 481-483 (1992)D 

f)K T-^yib^^m^-r^m^ico^^xommit+^x 

[0 0 0 4] 

3!)^6f#*5.n5T9=^ F>®!$wtt5itcfci^r». ^mm 

*l6BJtt, T5^+F>M**tl?r*T5-*-'l'7"-^ 

7^^F>^^*ttBi-c*ot:, ^^r>^bfj#*!)S^^j 

< . -e©'t't?fei|tJcAS^©^j:('^i^^t3:7*ci-''f>5R** 
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[000 5] 

^^«:J:-5t:24. 2 5 -^g^l'^aUX h-5 - 

x> - 3 (8 - -;i'Mm4iJ>^cC <-rsc:i355-c&5c 

m^in.fcr 7 ^ F >S^^*ttJII«^l^ cfc 5 i ^ :^inj 

«L.fc©%*«L.. iga#::*^6r-7=^^ F>^i*$W?fifli 

■r> ^^^-^^^-fti^s^ffiTSi*. 5^^'P7*a>'^•>ii^wr 20 

S:^5^a-Jl'^©AiSiJ©*P6nTl»j5:l=«!fel®*.5(,i« 
[0008] «^or*^H^W> ::p'5^>'ffc!^^«75« 0 . 8 

0. 6'm.m%5irrc. va^ hr^'^Y'iym^ 2 omm% 

24. 2 5-^?U>3U;^ h-5-x> 
-3/8-3^-;^^*5o. 3S«%JiiTSf$L/<«0. 

ttm^ifflA>Si^©AB°trfcH-rS. 
[0007] 

( Mortierella ) M© 40 

T> J:'3SfSL'< wo. 5S«%«T-C*i3. b*^*>tt 
J}8*©i^J}i)I*mK:» U r 7 4= F >M€r 2 0 *a%fiLh, 
$fSU<K3 0SS%fel±, i:»3*fSL<tt3 5SS% 

[0 00 8] S6{C*|%B^©ttfliW. 2 4. 2 5-^5^ 
U>=iU;:^ F - 5 3 |8 ;l/$S*50 . 3M. 

m%&rF. SfSKWO. 15fiS%J[j(T> J;?)$f*L 50 
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<wo. 0 4mm%i'Xrv$>i>c ttimtbi^, sfc^is 
#s?g©ttiiWs fflig* F y y -fe F ^ 7 0 %jy±. 

[0009] S?t.*^HJ®?ftaiW> 7j<^*5 0 . 1 %JJ( 
W, Ptf!K>Fffil3 3. 4mm-fe;l'{Cfet,»rJt*S5 0 

«T. 15^555 1 0 «T-c«> K). T'ydtf: >m!n^<Dnmm 

^, 5 ';;5!.5^>®?!)5 0. 2~0. 7%. -'^*;^5 5^>mJ55 
10~16%. X-f T ';>^AU~1 0%. 
dS5~15%. ';^-^VK*S5~l 5%. T-y^u> 
K*n~5%. CK- U y l^>^/&50. 1~2%. 
-r-V yi'>m^^l-^6%. a:. ^ ii x.>m^^ 

o~i%« yi^y-feP>K*32~7%^wr*ci*sa 
[0010] *^Ba©Afflasii©^(cigffi-rsS(i!Bj 

W> -tJV-f'-f xu^ ( Mo r t i e r e 1 1 a ) R©* 

^^i:?^^iLrw, mw-t-'i'T^-f • xn>*!' 
4f ( Mo rtierellaelongata ) I F O 

8 5 7 0, *;l'f--f XP5 • x^^J^i^T ( Mo r t i 
e r e 1 la ex i gua ) I F O 8 5 7 1, 

xb^ • 7 ^ i'n:? -f -7 ( Mo r t i e r e 1 1 a 

hygrophi la ) IF0594 1. ^^Wx-^x 
l^zf • T^^t*:^ ( Mortierella a 1 p i n 
aj IFO 8 568, ATCC 1 826 6, ATC 
C 3222 1. ATCC42430. CBS 21 
9. 35. CBS 224. 37, CBS 25 0. 5 
3. CBS 343. 66v CBS 527. 7 2, C 
BS 529. 72, CBS 528. 72, CBS 
608. 70, CBS 754. 6 8^^mvf?,Ctii^ 

■v^^o cn6©M*wt^-rtife, izm.w<DMmmAm 

( I FO) , RO'*HT^'J;«7> • df-f:/- 5& 
Jl-?^*— • 3 Ui'j^a > CAm e r i c a n Type 

Culture C o 1 1 e c t i o n (ATC 
C ) 3 RD'C entraalbureau voor 
S c h i mme 1 c u 1 t u r e s (CBS)*>6^i:^ 

±mt)->h^mhfdmWl''f- -i ■ xn>;if4?SAM 

0 2 19 imMmwms 7 o 3#) mnimmsfm 
1 239^) ^ffiffl-rsci*>-c#.s„ crubcon-^y 

[0 0 1 1 ] Sfti, *^BJ(CMCiS^tfe!^», -^rJl/f-f 
xix-7 ( Mortierel la ) M©-=&^l'-f- -< x ix ^ 
ffiRicMt, T7=^F>®*Stl*W-rsa*!^ (»tt 
^) ©^M»X»ffl^^*^, IP-^. PID»«4fflt,*r^ 
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. [ 0 0 1 2 ] T^^^ F^K^tg^WrSMSfei^t*. s 

^i' h— X, ^i^p-x, ■^yt>u-:x. v;i-h-:^, 
F— i^'y-fep— i'i>K. n — > 

[0013] ^fcmmui Lxi^a.^^hw^ti^^m 
m : ffc^iftiss ; mmm. ry\^ti y ^a. 

[0014] CCD{feitfSKjS5D U mtt!)Viy^ 

fc, ^MiO. l~3 0Sfi%. SfSKBC. 5~ 
l>.^:mtO. 0 1~1 OSJi%, $fSK»0. 1 50 
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(J. 5~4 0°C. $fSl/<«2 0~3 0°Cib. JgJfeCD 
pH»4~10. STS;l/<»5~8iOTil^*|J^ 
X««>a^«*ff^. ^»3Eir2~2 

OBP^tf -^c 

[0015] m^mx^m-r^m^kt.. m^mmrnvz 
nhxb o~i 0 oas%cD7jc*M^fc^-rs> fea^ds 

6. 5~4 0°C, §?$L/<»2 0~3 

0 -CCDiaJK^Cfct^r 3-20 Bf^^«^tf 5 . C ©Jt^ 

[0016] T^^^ F>K®*Sa^ifa-SL'feSfc& 

t>-^xmixi'r^ctA^x^i>. ctihomMit—mc 
mua-r^cthxit. xitimmic. i>b<immmic 

[0 0 17] C<DJ:^icmmbX. MftrtiC, T^4^F 
[0018] tg«^7f*v f3a*:53-ilsa'/X 

B. <^^3i». jaii£«icj;-o-ctf^ci*s-ct€.. 
mmt. iff* L- < itmmmmrxmmmmic^-:>xmm 

f^^bC^iSfft ffi-?' P P jftJl/ A - ^ $ y — - 

•rsc iKjco , ii?isjs©T^+ F>m^wttBi*f#^ 

[0 0 1 9 ] a/c. ±tB©7^iSKf^;^-rS«*>&ffll^T 
mtii^n'?Cti)^X^i>. C©iS'&Jctt^3?>'";k X 
*y-;i.^©7K{mbTtB:^tt©^. X»cne.i7K 

[0020] ±i3©J: ^iC bT»P,nfcT^* F>^$ 

^(O-AU^iJi F U H2 y F (I^J 7 0 ss% 

JW±) &y>'y>fli« (»3 oss%J!UT) c© 



C5) 



=> t * ^' p p >' Oig* wr S X 7^ p - ;i' *si?aE 

[002 1] *^BJ©tt|}i». ±i2T7^= K>^^«g 

^7 D :7"u •?> :^ f- a --^i'-^«®36«li 5 n 

[0 0 2 2] *#SBji3:*s^^®i;br*vA^nvF!S 20 

[0023] mmsm^mmrj: iioij-m^c^ nm^vtc 
ayn^m^m^x^.^t S c i # S . T -7 F > 

■r-5Ci755-t:#^„ 40 
[0024] *l6BJ©r ^ F 

©fe6nrtr*&(rs2 4, 2 5-y5=-U>nlxXF-5- 

ffiffi-r c i3&sT'# So Ad°d©««w#k:pss§ nnci^ 
7"f. tt»cf> F":^--^'-;'. Avymmo:) 

V3^^-X. Fbf5-'>i''. g=-3aU'-F. gPJ^^-^ 50 
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Ffc'xiry *^^^•>^©s^xtt±^fB$icag|^ls^ 

is&^®, cli^, m^a. MjK4sj;o'^©fljxAa 
:&i'©jgSAfp. mm. mmmf3:iz<owm^ffa. 

^> 8*118, FU-:'J^>4'\ g-^'Jl-F. 

n°D. iy>^\tz.. »f^. {3:^'^^^^:^©7K«ftpi,, *vt 

[0025] sfc*i6Bj®Mg»« ;ftg^©^e>nrii 

3Q:l»24, 25-^^U>=il'X F-5-i>-3(3- 

:t-;L'$a7&3ii>;^c < , U*^ ^>T 7 F F 'J i?' U -fe 
y F ©JfJ-CMSfc^W i-Y3-tf--^>^?i >^*^W 

[0 026] 3 ?.tC7|s:^B^©?ftfli». #«M««Ad°d^ 
AD°p©fl^^», -^©Ap^pff^^-eaferj-r^, ^fc* 

[0 027] 

m&cn hmmmic j; t{5j e. § n s ^> ©-r 
[0028] mMm I 

T^+F^^aSibr^Jl/f-^xW^ • TJli^i- 
( Mortierella a 1 p i n a ) C B S 7 5 

4. 6 8^miK i'';i'3"X2%, Sex*xi%, 
atto. 2%;&$^^:^ifil 4 0 0 1 ^2 0 0 0 
(cAti. Mfi2 8 °C, MMM 1 . 0 V vm, Sff 8 0 r 
P m. «F«gEE 1 . 0 k g/ c m' G©^fft?. 
lg«^gg*& b;fc„ ?jfeJll5*{c J; D i^Jl/a -xr«af^ 1 . 5 

L.. 2 5k&©iai«f*^£»fc. C©J;^JCl/Tf#6n 

fclgMM*© 1 k g ic^^^y 5 1 ^Jin^> g^3&HC 3 

-x>'-<j|<>-5f-r^^S*Uv «tliffla«i5 9 0g^ 
f#fco :t-:/>:^9AtC->'J*->'Jl/4 5 0 g4^«0 

•^=^^•^^>?^1SSL/, 45 og© 

*L/> ta^'fbSiJil^TFnr'xD-JUO. 0 4%*Jn 
[0029 ] l:b»5i?!l 1 

ygriJi^U. ctiK:F37:ca-ji/0. 0 4%*^ 
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[0 03 0] [^■^>itm-^m(omM] mmm i ttm 



icmM L/ :tcm^ « b n 7 X n - jkdJ: ^ fi^^^iWiM. lo 

®«3t?*-5 (ttib^. 1 3. 48 9 ( 1 9 9 6) # 
M) o 

[0 0 3 1 ] :7^;5^nK:Kf4i^5 e^SXD. iN-x^ • 

'J 5 0 m 1 ^m^. 1 Btr^^^L^^> 

^hs-a-s. <>->'ft*^*s*>ti«Jni^*-?'ise). s*ioom 

^{ci^i/cn{c*5 0ml ^Dn^rMSK^css-c^^sp 

f-So ;^(cx5^;l/X-7^;H 0 0 m 1 ^-J^Xbfflir^^X 

m 1 t?JfltH=&^f 5= 02> 03CD^^ji4-*CDx5^Jl/X 
h-o-om 1 O^^jS^tCi^ t > C txKTfc 3 0ml ^J!in^ 
K:«lHl7j<3 0 m 1 ;S:«OiHf-C5*»g:3-SlJ^i^«3iSL 30 
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n©xg^;l/x— 5^;l/^^,Sl^SLT-ecDrgS*i5 0ml 

^ ;^ n ^ ^ t i /Jc 5 3 f c X 9^ X - r- -'i/Jfi aiiS 
*63&5D*jEL.<MS©{3:3&>e)*a?tl 0 0m l%&y^ 

:^=tt,c^-r. 3tLJS7■5;5^nCDx9^;^x-r■;^^{^i^^ 

MS^SL/. iXfcT-fe >>3m 1 *mt:BfilaI«^©7*c 
m^^m^m^ Vfclk. mimSl^ (200mmHgr^ 

S) « 7 0~8 0°CfC3 O^J)Di»br:0^63tLjg:7^Xr3 

*x§?f"v^-^-tf3(c^o. 3 o^5-iSsa<^4iJ-rs„ A 

*j<, ?LJS7^;^3K:xg^;i/x-?-;U2m 1 &tp^x.^ 
y-;H 0ml i>&»n^rJ:<ig8)iiHf. Jfiffi®?:^!!? 
Lfcm.. 7*v--;l'>'^?L'-f>fg^m*Ml,»N/l 0 - 
x3fy-;l'j!7r;|gljj|g-e, JgA-r-5.BI)»ffil%?S«Jg^* 

©gstte:^)^ 3 0 n^mi^fct ^ni^.t-r?,. 

:^^>'{m^m i%) =A- (BXFXO. 02 82) 
/C X 1 0 0 

iiA-rSfllUSi? {^i-U-f^PiUT. g) =BxFx 

0. 0 2 8 2 

tcfci^. A = jflaj^©as ( g ) 

B=N/i o-s.^y-fVijvwmoymmm (mi ) 

C = |5^»lXfi (g) 

F = N/io-x^y vmm&<Dt)m 

[0 03 2] [T^^F>M$S©?W^] «l6f?»l itb 

mm 1 -ef#6n/fcffMfflfli{cr>i^r. Tia©:^iS{ctjeo 

[0033] 
[^1 ] 





(%) 




24, 25'-;tf i/>3LrXh-5-i>-8^ 


<%) 




0. 5 




0. 26 


3 8 




1 




0.5 1 


3 9 



*«SfiiKI^O. 5 p pm 



[0 034] y ^;l/XXf-J!/CDPM 40 

5 : 5) ^mi^r. 5 o°cr3 0#PBiMar^ci^cj:-:> 

Advance-DS5% 
fif* Chromosorb W(AW-DMCS) 

mS. 8 0 - 1 0 0^ '^/S/^ 

1f-fX rt@3mmX2. 1 m 50 



^^'}riJ:^ ^6 0mL/m 
F I D 

1 9 0*^0 
t^ffi^jS 2 5 0^C 
aAPMJK 2 4 0°C 
[0035] [24. 25--p^^l^>rJUX 
>~ 3 i8 - :i"-;b$ficDS'JS] USS^rJ i tmm 1 
^tiAiffiSJfflioc-Qi^r. TiBcD*ffitcseor2 4, 2 

5-^^lx>:3UX h - 5 - x>-3 /S-^-;l/-^;S: 
«Ti£^i^BJ^So Jlf4?ftfll^3 0-8 Omg. 
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^ p V h :7 ^ -(D^m^i^ 
iSmtfyM. ULBON HR-1 (F*3S0. 25m 
m, S$ 2 5 m) 
:^^Ai5ajS 2 8 0''C 
ffiAPRa^*«lfflllfi« 3 0 0-C 
^^Vr:»::!<JSiZfy-l>£t} ^V^J^ 1. 2kg/ 
cm* 

yy'':^:^RZflMM MM 7 0ml/min 20 
l^mS FID 
xr^'y hit : 2 0 

[0 03 6]*]iffe^j2 >K 
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( Mortierella a 1 p i n a ) C B S 5 2 
7. 7 2. ' TJVt:*:^ ( Mo r t i e r 

e 1 1 a a 1 p i n a ) ATCC4243 0. ^)l'f^ 
^ ^L.jy'y ' t:^^uy -Y^ dVIortierella h_ 
y g r o p h i la ) I F 05 9 4 1 . 'tJV'r ^ J^U'y 
• xn>:<7^ ( Mortierel laelongat 
aj IFO8 5 7 0*ffil\ ^tl-etxigS^tf o/c. 
;l/n-;?;4%. »ex^^xi%. ASttO. 2%*#t^ 

^fl66 0 0 1*1 0 0 0 1 mmm^iCAti. um2 s-c. 

iimSl. 0 V vm. 1 0 0 r pm. *fF^j±0. 5 
kg/cm^G(D^{*T:\ 7 BPslOoim^f^S^^tf 



24. 



2 5 

-^^U>:3UXh-5-j:.>-3/3-:t-;l'^«. T 

srt:i^c<. :^^>>fbJf^^&D^2 4. 2 5-^^u 

[0 03 7] 
[^2] 









24 25-/^^>3l/Xh- 

(^) 




M, a 1 p i n a 
CBS52 7. 72 


mmm 


0. 6 


0. 22 


3 3 


■M. a 1 p i n a 
CBS 5 2 7. 72 




1. e 


0. 62 


8 8 


M. a 1 p i n a 

ATCC42430 


^mm 


0. 3 


0. 1 1 


26 


a 1 p i n a 
ATCC424S0 


imm 


0. 9 


0. 3 3 


2 7 


M. hygrophila 
I F05941 


mmm 


0. 5 


0. 1 5 


2 3 


M. hygrophila 
I FO 5 9 4 1 


}tmm 


1. 6 


0. 5 2 


22 


M. elongata 
I F08 5 7 0 


mmm 


0. 4 


0. 2 3 


•2 1 


M. elongata 
I FO 8 5 7 0 




1 


0. 5 8 


2 1 



10 0 3 8} mi 

( Mortierel la a 1 p i n a ) C B S 7 5 

SttO . 1 Yo^^tsi^it 14001*20001 e«« 
KAtl. Sa2 4''C. mSm.0. 5vvm. ^^100 



50 



rpm. ffirtffl. 0 kg/cm^G©*fr-C. ffi^ 

fc^»MW<DS Ksic^^-^-^ 1 5 1 ^m^. m^ipv:. 
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13 

y-x>'^-;J^•^"5^-r'Sl«a*b. ffiffifflffllii 8 o o 

s^wco f#6ti/c}ftaffittfli 1 0 0 0 g ici^bxmm 
mi tmm<Dij'7j>^mm^mK 9 o o g<D:^'7AmM 

@-r'Sii:«L.> JaK^bSiJiur h37:ty";uo. 0 4% 
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* 2 5 h-5-x>-3 (3 -'l'^ 

*S.O*24. 2 S-^g^b^^WX h -5 -x>-3 (3 

[0039] 
[|S3] 







24, 25-/m3l^XH5 

<%) 


<%) 




0. 3 8 


0. 14 


4 2 




0. 4 


0.15 


4 1 




0,3 6 


0,13 


4 3 



MM 1 . mm 1 iiiiaicD:??^*^^:^*^. m^ntcmw [ o o 4 n 











^;^fii4 


0. 5% 


0. 0 9% 




it«£*94 


1. 1% 


0, 2 0% 


3 7?^ 



[0 04 2] mmms 

( Mortierel la a 1 p i n a ) ATCC 



3 2 2 2 1 ^ffil^^g«^^T^/Co ^^;br3->^4%. JKBi 30 
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(57) Edible oil containing arachidonic acid obtained 
from microorganisms belonging to the subgenus Mor- 
tierelia of the genus Mortierella and being capable of pro- 
ducing arachidonic acid are provided. The oil contain little 
unsaponifiable matters and, above all, the smallest pos- 
sible amount of sterol with cyclopropane structure which 
have not been recognized as food components, and are 
suitable for the production of foods, in particular, infant 
formula. 

Arachidonic acid-containing edible oil originating in 
microorganisms containing not more than 0.8% by 
weight, preferably not more than 0.6% by weight of un- 
saponifiable matters and 20% by weight or more of ara- 



chidonic acid. Further, these edible oil contain not more 
than 0.3% by weight, preferably not more than 0.15% by 
weight of 24,25-methylenecholest-5-en-3p-o!. The mi- 
croorganisms are those belonging to the subgenus Mor- 
tierella of the genus Mortierella and being capable of pro- 
ducing arachidonic acid. These microorganisms belong 
to the species alplna of the genus Mortierella. Foods in- 
cluding the arachidonic acid-containing edible oil. For- 
mula for premature infants, fomnula for infants, foods for 
infants, andfoods for pregnantwomen and nursing moth- 
ers, including the arachidonic acid-containing edible oil. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to edible oil that contains arachidonic acid obtained from microorganisms belonging to 
the subgenus Mortierella of the genus Mortierella and being capable of producing arachidonic acid, but contains little 
unsaponifiable matters. This invention also relates to foods containing the arachidonic acid-containing edible oil, in 
particular, infant formula. 

[0002] In this invention, "unsaponifiable matters" means that originating in microorganisms. Therefore the term "un- 
10 saponif table matters' in this description indicates only that originating In microorganisms and being free of that added 
artificially. 

BACKGROUND ART 

15 [0003] Arachidonic acid has attracted attention as a precursor of prostaglandins, thromboxane, prostacyclin, leucot- 
rienes, etc. which have potent and various physiological actions including uterine muscle contraction, relaxation, va- 
sodilatation, and antihypertensive action. Along with DHA (docosahexaenoic acid), it has extensively and intensively 
been Investigated particularly as a substance essential for growth of Infants. For example, Lanting et al. followed up the 
growth of infants until the age of 9 years who had been fed with mother's milk or milk powder for infants for more than 

20 3 weeks after birth, investigated the incidence of minor impairments in the cranial nerve in these infants based on their 
behavior, etc, and found that the incidence of encephalopathy in the infants fed with milk powder for infants was about 
twice as high as that in those fed with mother's milk [LANCET, Vol.344, 1319-1 322 (1 994)]. This shockingfact is supposed 
to have been due to the lack of long-chain unsaturated fatty acids such as DHA and arachidonic acid in milk powderfor 
infants while these acids are present in mother's milk, which acids may piay an important role in development of the 

25 brain. Many studies have been done to make milk powder for infants resemble as closely as possible to mother's milk, 
the ideal nutrition for infants, though these studies have concentrated on elucidation of the relationship between the 
basic nutrients, vitamins, minerals, etc. present in mother's milk and the infection-preventing action of mother's milk. 
Lately the influence of long-chain polyunsaturated fatty acids on the brain has also become of interest. Further, reports 
Indicating that long-chain unsaturated fatty acids may play a role in development of the brain and the retina of newborns 

30 have recently been published one after another. This raises topics attracting attentions in the field of nutrition of premature 
infants and newboms. Thus it has been desired to develop oil containing arachidonic acid abundantly and being safely 
usable as ingredients of foods, in particular, infant fonnu la. 

[0004] Arachidonic acid occurs widely in the animal kingdoms, and has been isolated from lipids extracted from the 
adrenal gland and the liver of animals. However, because such organs contain the acid only a little and a large amount 

35 of the organs are hardly obtainable, isolation from these organs is insufficient for supply of arachidonic acid. Methods 
have been proposed to produce arachidonic acid by cultivation of various microorganisms capable of producing arachi- 
donic acid. Among them those belonging to the genus Mortierella have been known to produce oil with a high content 
of arachidonic acid (Japanese Published Unexamined Patent Application No.44891/88 and No. 12290/88). Although the 
oil thus produced are said to be highly safe, it is not widely accepted because of its originating in microorganisms. The 

40 oil obtained by cu Itivation of the microorganisms belongingtothe species Mortierella alpha comprises mainly triglycerides 
(about 70 % by weight or more) and phospholipids together with unsaponifiable matters including desmosterol. It Is 
conflmried that sterol with cyclopropane structure which have never been known to occur in nature, in the concrete, 
24,25-methylenecholest-5-en-3 p -ol are contained among the unsaponifiable matters [LIPIDS, Vol. 27, No.6, 481-483 
(1992)], though ail of the composition of the unsaponifiable matters in the oil is not known. 

45 

DISCLOSURE OF THE INVENTION 

[0005] The inventors thought it desirable at present to remove as far as possible those substances, which have not 
been recognized as food components or of which structures remain unknown, from the arachidonic acid-containing oil 
50 obtained by cultivation of mfcroorganisms belonging to the subgenus Mortierella of the genus Mortierella. Therefore this 
invention intends to provide edible oil containing arachidonic acid originating in microorgnisms belonging to the subgenus 
Mortierella of the genus Mortierella, containing little unsaponifiable matters and, above all, the smallest possible amount 
of sterol with cyclopropane structure which have never been eaten, and being suitabiefor production of foods, in particular, 
infant formula. 

55 [0006] The inventors have found it possible to reduce the content of 24,25-methylenechoiest-6-en-3 p -ol in the ara- 
chidonic acid-containing oil obtained from the culture of arachidonic acid-producing microorganisms belonging to the 
genus Mortierella by controlling the conditions of cultivation. This finding has given the inventors a new purpose for 
production of arachidonic acid-containing oil with a smallest possible amount of substances which have not been rec- 



2 



EP 1 894 472 A1 



ognized as food components or of which structures remain unknown. Then the inventors have found, as the result of 
many researches to achieve the above purpose, that it is possible to reduce the content of unsaponifiable matters and 
the substances including sterol with cyclopropane structure which have not been recognized as food components or of 
which structures remain unknown without any influence on the content of arachidonic acid, by cultivating arachldonic 

6 acid-producing microorganisms belonging to the subgenus Mortierelfa of the genus Mortiereila in nutrient medium ac- 
cording to the conventional method, collecting the microbes, recovering oil abundant in arachidonic acid from the mi- 
crobes, and refining the oi! by an appropriate combination of conventional processes for edible oils and fats, such as 
degumming, treatment with alkali, bleaching, deodorization, etc. Eventually the inventors have completed this invention. 
[0007] Hence this invention relates to arachidonic acid-containing edible oil originating In microorganisms which contain 

'io not more than 0.8 % by weight of unsaponifiable matters and 20 % by weight or more of arachidonic acid. 

[0008] In addition, this invention relates to arachidonic acid-containing edible oil originating in microorganisms which 
contain not more than 0.6 % by weight of unsaponifiable matters and 20 % by weight or more of arachidonic acid. 
[0009] Further, this invention relates to arachidonic acid-containing edible oil originating In microorganisms which 
contain not more than 0.8 % by weight, preferably not more than 0.6 % by weight, of unsaponifiable matters, 20 % by 

15 weight or more of arachidonic acid, and not more than 0.3 % by weight, preferably not more than 0.16 % by weight, of 
24,25-methylenecholest-5-en-3 p -ol. 

[0010] Furthermore, this invention relates to foods such as formula for premature infants, infant formula, foods for 

infants, and foods for pregnant women and nursing mothers, containing any of the above-mentioned edible oil. 

[001 1] The oi! of this Invention are oil of microorganisms origin obtained from the culture after cultivation of arachidonic 

20 acid-producing microorganisms belonging to the subgenus Mortiereila of the genus Mortiereila, containing not more 
than 0.8 % by weight, preferably not more than 0.6 % by weight, more preferably not more than 0.5 % by weight, of 
unsaponifiable matters based on the weight of the oil, and 20 % by weight or more, preferably 30 % by weight or more, 
more preferably 35% by weight or more, of arachidonic acid based on the weight of the total fatty acid in the oil. 
[0012] It is preferable that the oil of this invention contain not more than 0.3 % by weight, preferably not more than 

25 0.15 % by weight, more preferably not more than 0.04 % by weight, of 24,25-methylenecholest-5-en-3 p -ol. 

[0013] It is also preferable that the oil of this invention contain 70 % by weight or more, preferably 90 % by weight or 
more, more preferably 92 % by weight or more, of triglycerides in the oil. 

[0014] It is preferable that the oil of this invention contain not more than 0.1 % of moisture, have the acid value of 0.5 
or less and peroxide value of 5 or less, show a color of 50 or less of yellow and 10 or less of red as determined in a 

30 1 33.4 mm cell by the Rovibond's method, and contain 0.2 to 0.7 % myristic acid, 1 0 to 1 6 % of palmitic acid, 4 to 1 0 % 
of stearic acid, 5 to 15 % of oleic acid, 5 to 15 % of linoleic acid, 1 to 5 % of 7 -linolenic acid, 0.1 to 2 % of a -iinolenic 
acid, 1 to 6 % of dihomo- y -linolenic acid, 0 to 1 % of eicosapentaenoic acid, and 2 to 7 % of lignoceric acid. 
[0015] The microorganisms used for production of the oil of this invention belong to the subgenus Mortiereila of the 
genus Mortiereila, and any of those may be used as far as they are able to produce arachidonb acid. The microorganisms 

35 are exemplified by Mortiereila elongata IFO 8570, Mortiereila exigua IFO 8571, Mortiereila hygrophila IFO 5941 , Mor- 
tiereila alpina I FO 8568, ATCC 1 6266, ATCC 32221 , ATCC 42430, CBS 21 9.35, CBS 224.37, CBS 250.53, CBS 343.66, 
CBS 527.72, CBS 529.72, CBS 528.72, CBS 608.70, CBS 754.68, and the like. These strains are available without any 
limitation from the Foundation Institute of Femnentation in Osaka (IFO), American Type Culture Collection (ATCC), and 
Centraalbureau voor Schlmmelcultures (CBS). Also the strain isolated by the inventors from soil, Mortiereila elongata 

40 SPM 0219 [National Institute of Bioscience and Human-Technology Agency of Industrial Science and Technology, 
Minlstryof International Trade and Industry, 1-3, Higashi 1-Chome,Tsukuba-shj, Ibaragl-ken, Japan, deposited on March 
1 9, 1 986, Accession No.FERM BP-1239] may be used. The strains belonging to these type cultures or isolated from the 
natural world are usable as they are, and spontaneous variants maybe used which are obtained by one ormore repetitions 
of growth and/or isolation of the original strains and have different properties from those of the original strains. 

45 [001 6] The microorganisms used in this invention also include the variants and recombinants of the arachidonic acid- 
producing microorganisms belonging to the subgenus Mortiereila of the genus Mortiereila (wild strains), i.e. those de- 
signed so that the content of arachidonic acid in the oil may be Increased and/or the content of the total oil may be 
increased over that produced by the microorganisms of the original wild strain when cultivated by using the same 
substrates. The microorganisms of this invention further Include those designed so that they may utilize efficiently the 

50 substrates with high cost-benefit ratios to produce arachidonic acid as much as obtainable with the corresponding wild 
strains. 

[001 7J Microorganisms capable of producing arachidonic acid can be cu itlvated according to the conventional methods. 
For example, the spore, mycelium, or preculture obtained by preliminary cultivation of the microorganism strain is inoc- 
ulated into a common liquid or solid medium followed by cultivation. When a liquid medium is used, common carbon 
55 sources including glucose, fructose, xylose, saccharose, maltose, soluble starch, refinery molasses, glycerol, mannitol, 
citric acid, and corn starch may be used, among which glucose, fructose, maltose, glycerol, citric acid, and corn starch 
are particularly preferable. Usable nitrogen sources are organic nitrogen sources such as peptone, yeast extract, malt 
extract, meat extract, casamino acids, corn steep liquor, and urea, and inorganic nitrogen sources such as sodium 
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nitrate, ammonium nitrate, and ammonium sulfate. 

[0018] Use of a nutrient source derived from soybean as the nitrogen source can reduce the content of 24,26-meth- 
ylenecholest-5-en-3 p -o! in the oil (the ratio based on the total sterol in the oil). It is preferable that the nitrogen source 
obtained from soybean, being usable in this invention, contains 2 % or more, preferably 3 % or more, more preferably 

B 5 % or more, of nitrogen based on the ingredients other than moisture. Usable nitrogen sources from soybean Include 
defatted soybean without any further treatment or after processing such as heat treatment; acid treatment; alkali treatment; 
enzyme treatment; chemical modification; denaturation and/or renaturation by chemical and/or physical treatments 
including heat treatment, acid treatment, alkali treatment, enzyme treatment, chemical modification, etc.; removal of 
some ingredients by use of water and/or organic solvents; removal of some ingredients by filtration and/or centrifugation; 

10 freezing; pulverization; drying; sieving, etc., or non-defatted soybean after similar processing. These nitrogen sources 
may be used solely or in combination of a few of them. Common sources are soybean, defatted soybean, soybean 
flakes, soybean protein for foods, bean curd refuse, soy-milk, roasted and ground soybean, etc. of which heat-denatured 
defatted soybean Is desirable, and It is more desirable to use defatted soybean after heat-denaturatlon followed by 
removal of ethanol-soluble Ingredients. 

15 [0019] In addition, Inorganic salts such as phosphates, calcium chloride, magnesium chloride, magnesium sulfate, 
iron sulfate, copper sulfate, and sodium sulfate, and vitamins may be used as trace nutrients if necessary. These nutrients 
in the medium are not particularly restricted as far as each of them is contained at such a concentration that does not 
Inhibit the growth of the microorganism. For practteal purposes, the preferred concentration of the carbon source is 0.1 
to 30 % by weight, preferably 0.5 to 1 5 % by weight, more preferably 1 to 1 5 % by weight, while the pref en^ed concentration 

20 of the nitrogen source is 0.01 to 10 % by weight, preferably 0.1 to 5 % by weight. Spinner culture with aeration and 
agitation, shaking culture, or standing culuture is perfonned at temperatures of 6 to 40*C, preferably 20 to 30®C , in a 
medium of pH 4 to 1 0, preferably 5 to 8, usually for 2 to 20 days. 

[0020] When a solid medium is used, wheat bran, hull chaff, rice bran, or the like to which 50 to 1 00 % by weight of 
water has been added is used for incubation at temperatures of 5 to 40 ®C , preferably 20 to 30 ^'C , for 3 to 20 days. 

25 Nitrogen sources, inorganic salts, and/or trace nutrients may be added to the medium as needed. 

[0021 J For increasing the amount of arachidonic acid produced, a hydrocarbon such as hexadecane or octadecane; 
a fatty acid such as oleic acid or linoleic acid or a salt thereof such as sodium or potassium salt, or a fatty acid ester 
such as ethyl ester, sorbitan fatty acid ester, glycerol fatty acid ester; or oils and fats such as olive oil, cotton seed oil, 
or coconut oil, may be added solely or in combination as a precursor of arachidonic acid. These additives may be added 

30 at a time, or continuously, or at several times in lots. Hydrocarbons, fatty acids or the salts thereof, or oils and fats are 
desirable when added before the start of culturing, while fatty acids or the salts thereof, or fatty acid esters, or oils and 
fats are desirable when added during cultivation. 

[0022] After cultivation under above-mentioned conditions, the arachidonic acid-containing lipid is produced and ac- 
cumulated within the microbes. When a liquid culture medium was used, the arachidonic acid-containing lipid is recovered 
35 from the microbes as follows: 

After culturing is complete, the microbes are collected from the culture medium by conventional solid-liquid separation 
means such as centrifugation and/or filtration, etc. The microbes thus collected are preferably washed with water, 
destroyed, and dried. The microbes are dried by freeze-drying, drying in air, etc. Dried microbes are subjected to 
40 extraction with an organic solvent preferably under nitrogen flow. Usable organic solvents include ether, hexane, 

methanol, ethanol, chlorofonn, dichloromethane, petroleum ether, etc. Alternate extraction with methanol and pe- 
troleum ether, and extraction with a one-layer solvent system consisting of chloroform, methanol, and water are 
also able to attain a good result. Evaporation of the organto solvent from the extract under reduced pressure gives 
an oil containing arachidonic acid at a high concentration. 

45 

[0023] Instead of the above-mentioned methods, wet microbes may be used for extraction. Solvents usable in this 
case include those that are soluble in water, such as methanol, ethanol, and the like, and water-soluble mixtures containing 
these solvents and water and/or other solvents. Other procedures are the same as mentioned above. 
[0024] The arachidonic acid-containing lipid thus obtained contains mostly triglycerides (about 70 % by weight or 
50 more) and phospholipids (about not more than 30 % by weight), and in addition, unsaponlfiable matters including des- 
mosterol. The unsaponlfiable matters contain substances of which structures remain unknown or which have not been 
recognized as food components, for example, sterol with cyclopropane structure which have not been recognized as 
food components, specifically, 24,25-methyIenecholest-5-en-3 p -oL 

[0025] The oil of this invention can be produced by refining the arachidonic acid-containing oil obtained by cultivation 
55 of the above-mentioned arachidonic acid-producing microorganisms belonging to the subgenus Mortierella of the genus 
Mortierella. That is, once the type of fats to be treated and the substances to be removed have been decided, the 
unsaponlfiable matters containing sterol with cyclopropane structure and substances of which structures remain unknown 
can be removed with an appropriate combination of common methods for refining of edible oils and fats, such as 
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degumming, refining with alkali, bleaching, deodorization, etc., without any influence on the content of arachidonic acid, 
from the arachidoninc acid-containing oil obtained by cultivation of the above-mentioned microorganisms belonging to 
the genus Mortierefia and being capable producing arachlnonb acid. 

[0026] For refining, column chromatography is employed in this invention. Activated alumina, active carbon, molecular 
s sieves, silica gel, activated clay, diatomaceous earth, silver-silica gel, and/or ion exchange resins are used in this 
invention. The above-mentioned arachidonic acid-containing oil are refined by using the gel as the packing material. 
Namely, the above-mentioned arachidonic acid-containing oil and an organic solvent such as hexane,.ethanol, super- 
critical fluid, etc., which is used as a developer, are forced to flow solely or as a mixture thereof at a constant rate through 
the column packed with the gel so that unsaponifiable matters and the refined oil may be developed and eluted. Chro- 
10 matography may be perfomned by the Simulated moving bed chromatography. 

[0027] After removal of the organic solvent by distillation, etc., the residue is treated further with steam distillation. 
Namely, steam distillation can remove even trace volatile flavor compounds and unsaponifiable matters having the low 
boiling points. Also a trace amount of the remaining organic solvent left behind after the chromatographic process can 
be eliminated at the same time. Thus an edible oil composition that contains arachidonic acid and is essentially free of 
15 unsaponifiable matters Is obtained. Column chromatography may be combined with another well-known method for 
refining, in addition to steam distillation or fractional distillation with a supercritical fluid. 

[0028] Because of the low content of 24,25-methylenecholest-5-en'3 p -ol that has not been recognized as food 
component, the arachidonic acid-containing oil of this invention can be used as an Ingredient of foods. The type of foods 
is not particularly restricted, being exemplified by foods containing oils and fats, including natural foods containing oifs 

20 and fats, such as meat, fish, and nuts; foods to which oils and fats are added during cooking, such as Chinese dishes, 
Chinese noodle, soup, etc.; foods which use oils and fats as the heat transfer medium, such as tempura, fry, fried bean 
curd, Chinese dish of fried rice, doughnuts, fried dough cakes, etc.; fatty foods and processed foods with oils and fats 
added during processing, such as butter, margarine, mayonnaise, dressing sauce, chocolate, instant Chinese noodle, 
caramel, biscuit, ice cream, etc.; and foods with oils and fats sprayed or applied during finishing, such as fried rice case, 

25 hard biscuit, bean jam bun, etc. Howeverfoods are not restricted to those containing oils and fats, but agricultural foods 
such as bread, noodles, rice, confectionery, soybean curd and processed soybean curd; fermentation foods such as 
sake, medical sake, sweat sake (mirin), vinegar, miso, dressing, etc.; live-stock foods such as yoghurt, ham, bacon, 
sausage, mayonnaise, etc.; fishery foods such as fish paste, fried fish paste, fish paste containing grated yam; drinks 
such as fruit juice, fresh drinks, sports drinks, alcoholic drinks, tea, etc. may be Included. 

30 [0029] The oil of this invention are preferable as raw materials especially for formula for premature infants, formula 
for infants, foods for infants, and foods for pregnant women and nursing mothers, because the oil contain a low content 
of 24,25-methylenecholest-5-en-3 p -ol which has not been recognized as food component, are rich in arachidonic acid 
in the fomri of a triglyceride, and are free of elcosapentaenolc acid or, even if so, contain only a trace amount of the acid. 
[0030] Further, the oil of this invention may be used in functional foods including health foods for specified use (or 

35 health foods), and the form of these foods may be general ones, or capsu les, granules, tablets, drinks, or enteric feeding 
forms. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 [0031 ] This Invention will now be explained in more detail with reference to the following Examples. It should be noted 
that this Invention Is not limited at all by these Examples. 

Inventive Example 1 

45 [0032] Mortierefia alpina CBS754.68 as the arachidonic acid-producing microorganism was inoculated in a 2000-1 
culture tank with 1400 1 of culture medium containing 2 % of glucose, 1 % of yeast extract, and 0.2 % soybean oil, and 
culture with aeration and agitation was started at 28 ^C with aeration at 1 .0 wm, agitation rate at 80 rpm, and the internal 
pressure of the tank of 1 .0 kg/cm^G. The concentration of glucose was maintained at 1 .5 % by the fed-batch system, 
and the mbrobes were collected by filtration after 7-day cultivation, to give 25 kg of dried microbes. Then 5 1 of hexane 

50 was added to 1 kg of the dried microbes thus obtained, and the mixture was gently stirred for 30 minutes. Thereafter 
the filtrate obtained by suction filtration was subjected to evaporation in a rotary evaporator to remove the solvent, to 
give 590 g of a crude oil extract 

[0033]. An open column was packed with 450 g of silica gel. The crude oil extract, 590 g, was diluted five times with 
hexane, and refined through the column, followed by evaporation of hexane, to give 450 g of a column-treated oil. The 
55 oil was subjected further to steam distillation for deodorization, followed by addition of 0.04 % of tocopherol as an antl- 
oxldizlng agent, to give a refined oil. 
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Comparative Example 1 

[0034] Extraction was performed in the same manner as described in Example 1 , but the extract was not treated with 
the column, followed by steam distillation for deodorizatlon, to give a refined oil after addition of 0.04 % of tocopherol. 

5 

[Quantification of unsapontfiable matters] 

[0035] The refined oil obtained in inventive Example 1 and that in Comparative Example 1 were each analyzed for 
the content of unsaponifiable matters by the following method. The results are shown in Table 1 . 

10 [0036] In this invention, the content of unsaponifiable matters means the residual amount after subtraction of the 
amount of contaminated fatty acids from the amount of the substance extracted with a solvent used in quantitative 
analysis after saponification of the oil in accordance with the method for quantification of unsaponifiable matters, which 
is specified in the Standard Methods forthe Analysis of Fats, Oils and Belated l\/laterials by Japan Oil Chemists' Society, 
the residual amount being expressed by the percentage to the amount of the sample. The amount of the Unsaponifiable 

15 Matter added after refining, such as tocopherol, should be subtracted. 

[0037] The above specified method will be outlined below (see "YUKAGAKU (Oil Chemistry)", Journal of Japan Oil 
Chemists* Society, 1 3, 489 (1 996)): 

Weigh about 5 g of a sample in a flask, add 50 ml of 1N-ehtanolic potassium hydroxide, and boil gentiy for 1 hour 
20 for saponification. Stop heating when saponification has completed, transfer the liquid after saponification into a 

separating funnel together with the washing of the saponification flask with 1 00 ml of warm water, add 60 ml of 
water, and allow the mixture to cool to the room temperature. Add 100 ml of ethyl ether to the separating funnel 
while washing the saponification flask with the ethyl ether, stopper tightly the funnel, shake vigorously for 1 minute, 
and stand it still until two layers are separated clearly. Transferthe lower layer into a second separating funnel, add 
25 50 ml of ethyl ether, shake as did with the first funnel, stand it still, transfer the lower layer into a third funnel after 

separation into two layers, and repeat extraction similarly with 50 ml of ethyl ether. 

[0038] Transfer the ethyl ether layers In the second and the third funnels into the first funnel while washing those 
funnels with a small amount of ethyl ether, add 30 ml of water, shake and then stand it still for separation into two layers, 

30 and remove the lower layer. Repeat the process of shaking and standing-still for fractionation with 30 ml of water added 
each time, and wash the extracts until the fractionated water no longer shows color with the phenolphthalein indicator. 
Dehydrate the washed ethyl ether extract with sodium sulfate (anhydrous) as needed, filtrate it through a dry filter paper, 
transfer the filtrate into a distillation flask. The containers, the filter papers, etc. used for extraction are each washed with 
a small amount of ethyl ether, and the washings are all added to the distillation flask. Remove ethyl ether in the distillation 

35 flask by distillation, cool when the volume has become about 60 ml, and transfer the concentrated ethyl ether extract 
into an accurately weighed 100-ml round bottomed flask together with the washing of the distillation flask with a small 
amount of ethyl ether. 

[0039] Distillate off almost completely ethyl ether in the round bottomed flask, add 3 ml of acetone, most of which is 
distillated off similarly as in the preceding process, heat the extract to 70 to 80*'C for 30 minutes under a slightly reduced 
40 pressure (about 200 mmHg), place the round bottomed flask into a vacuum desiccator, and stand it still for 30 minutes 
for cooling. Weigh accurately the round bottomed flask to calculate the weight of the extract 

[0040] Add and mix by shaking 2 ml of ethyl ether and 1 0 ml of neutral ethano! in the round bottomed flask to dissolve 
the extract, and detemiine the amount of contaminated fatty acids by titration with the N/1 0 ethanollc potassium hydroxide 
standard solution using the phenolphthalein indicator, wherein the endpoint Is the pale red color of the indicator kept 
45 unchanged for 30 seconds. 

Unsaponifiable matters content (%) 

={A-(B X F X 0.0282)}/C X 100 



Contaminated fatty acids (on the oleic acid basis, g) 

55 

= B X F X 0.0282 
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wherein A = weight of the extract (g) 

B = amount of N/1 0-ethanolic potassium hydroxide standard solution used (ml) 
C = amount of the sample (g) 

F = titer of N/1 0-ethanolic potassium hydroxide standard solution 
[Quantification of arachidonic acid] 

[0041 J The refined oil preparations obtained in Inventive Example 1 and Comparative Example 1 were used for prep- 
aration of fatty acid methyl esters in accordance with the method described below, and the esters were subjected to gas 
chromatography for determination of the content of arachidonic acid. The results are shown In Table 1 . 



Table 1 





Unsaponiflable 
matters content (%) 


* heavy metals 


24,25-methylene 
cholest-5-en-3 p -ol 
content (%) 


Arachidonic acid 
content (%) 


Inventive Example 1 


0.5 


Not detected 


0.26 


38 


Comparative Example 
1 


1 


Not detected 


0.61 


39 


*detection limit: 0.5ppm 



Preparation of«methyl esters 

[0042] 15 mg of the sample was weighed precisely, and converted into methyl esters by treatment with absolute 
methanol-hydrochloric acid (95:6) at 50®C for 3 hours. The resultant fatty acid methyl esters were extracted completely 
with hexane, and subjected to gas chromatography under the following conditions. 

Column 

Liquid phase: Advance-DS 5 % 
Support: Chromosorb W (AW-DMCS) 

Grain size: 80 to 1 00 mesh 

Size: inner diameter 3 mm x 2.1 m 

Carrier gas: nitrogen 60 mL/m 
Detector: FID 

Column temperature: ISO^'C 
Detector temperature: 260**C 
Injection port temperature: 240**C 

[Quantification of 24,25-methylenecholest-5-en-3 p -ol] 

[0043] The refined oil preparations obtained in Inventive Example 1 and Comparative Example 1 were subjected to 
quantification of 24,25-methylenechoIest-5-en-3 p -ol. The results are shown in Table 1 . 

[0044] First, the process for sterol composition analysis is explained: Weigh 30 to 80 mg of the starting oil into a test 
tube with a stopper, add 4 ml of methanol and 1 ml of 33 % aqueous solution of potassium hydroxide, and close the 
tube with the stopper. Allow the mixture to react with gentle stirring at 80°C for 1 hour, allow it to stand for cooling, and 
extract fat-soluble components with hexane. Wash the resultant hexane solution with water until the aqueous layer no 
longer shows color with the phenolphthalein indicator, and concentrate the solution under reduced pressure to give a 
sample for analysis. Dissolve the sample in a small amount of hexane, and subject the solution to gas chromatography 
under the conditions described below. Use commercially available cholesterol as the internal standard, and calculate 
the ratio of the weight to that of the starting oil based on the assumption that the ratio of FID detected area / detected 
weight is the same for all sterols. The calculated ratio is defined as the content of 24,25-methylenecholest-6-en~3 p -ol. 
[0045] Conditions of gas chromatography 
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Column: ULBON HR-1 (Inner diameter 0.25 mm, length 25 m) 
Column temperature: 280'C 
Injection port and detector temperature: 300**C 
Carrier gas and gauge pressure: helium 1 .2 kg/cm^ 
5 Make-up gas and flow rate: nitrogen 70 mi/min. 

Detector: FID 
Split ratio: 20 

Inventive Example 2 

10 

[0046] Mortierella alpina CBS527.72, Mortierelia alplna ATCC42430, Mortierella hygrophila IF05941 , and Mortierefia 
elongata IFO8570, as arachldonic acid-producing microorganisms, were cultivated separately. 600 Liter of a culture 
medium containing 4 % of glucose, 1 % of yeast extract, and 0.2 % soybean oil was placed in a 1 000-1 tank, and culture 
with aeration and agitation was perfonned for 7 days at 28 *'C with aeration at 1 .0 wm, agitation rate at 100 rpm, and 

15 the internal pressure of the tank of 0.5 kg/cm^G. Dried microbes were obtained after filtration and drying. 

[0047] The dried microbes thus obtained were treated In the same manner as described in Inventive Example 1 and 
Comparative Example 1 . The resultant refined oil preparations were analyzed for the content of unsaponifiable matters, 
the content of 24,25-methylenecho!est-5-en-3 p -ol, and the content of arachldonic acid. 
[0048] The results are shown In Table 2. 

20 [0049] It was found that treatment in a column can produce a refined oil preparation with a low content of 24,25- 
methy!enecholest-5-en-3 13 -ol, while keeping the content of arachldonic acid unaffected. 



Table 2 



Strain 




Unsaponifiable 
matters content (%) 


24,25-methylene 
cholest-5-en-3 p -ol 
content (%) 


Arachldonic acid 
content (%) 


M.alpina CBS527.72 


Inventive Example 


0.6 


0.22 


33 


M.alpina CBS527.72 


Comparative 
Example 


1.6 


0.62 


33 


M.alpina 
ATCC42430 


Inventive Example 


0.3 


0.11 


26 


M.alpina 
ATCC42430 


Comparative 
Example 


0.9 


0.33 


27 


M. hygrophila 

1F05941 


Inventive Example 


0.5 


0.15 


23 


IVI. hygrophila 
1F05941 


Comparative 
Example 


1.6 


0.52 


22 


M.elongata IFO8570 


Inventive Example 


0.4 


0.23 


21 


M.elongata IFO8570 


Comparative 
Example 


1 


0.58 


21 



Inventive Example 3 

[0050] Mortierella alpina CBS754.68 as the arachldonic acid-producing microorganism was inoculated in a 2000-1 
culture tank along with 1 400 1 of a culture medium containing 2 % of glucose, 1 % of yeast extract, and 0.1 % soybean 
oil, and culture with aeration and agitation was started at 24°C with aeration at 0.5 wm, agitation rate at 1 00 rpm, and 
the internal pressure of the tank of 1.0 kg/cnn2G. The concentration of glucose was maintained at 1 .5% by fed-batch 
system, and the microbes were collected by filtration after 9-day cultivation, to give 20 kg of dried microbes. 15 Liter of 
hexane was added to 3 kg of the dried microbes thus obtained , and the mixture was gently stin-ed for 30 minutes. Then 
the filtrate obtained by suction filtration was subjected to evaporation in a rotary evaporator to remove the solvent, to 
give 1 800 g of a crude oil extract. 

[0051] 1000 Gram of the cmde oil extract was treated in a column as described in Inventive Example 1 , to give 900 
g of a column-treated oil. 500 Gram of the column-treated oil and 800 g of tiie crude oil extract were subjected to distillation 
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for removal of unsaponifiabie matters. 

[0052] The column-treated oil, distillation-treated oil, and column-distillation-treated oil were separately deodorized 
by steam distillation, and 0.04% of tocopherol was added as an anti-oxldizing agent. The resultant refined oil preparations 
were analyzed for the content of unsaponifiabie matters, the content of 24,25-methylenecholest-5-en-3 p -ol, and the 
content of arachidonic acid. 
[0053] The results are shown in Table 3. 

[0054] It was proved that column-treatment and/or distillation can produce refined oil preparations with a low content 
of 24,25-methylenecholest-5-en-3 p -ol, while keeping the content of arachidonic acid unaffected. 



Table 3 



Treatment 


Unsaponifiabie matters 
content (%) 


24,25-methylenechole st-5- 
en-3 p -ol content (%) 


Arachidonic acid content 
(%) 


Column treatment 
deodorization 


0.38 


0.14 


42 


Distillation -> 
deodorization 


0.4 


0.15 


41 


Column treatment -> 

distillation 

deodorization 


0.36 


0.13 


43 



Inventive Example 4 

[0055] Cultivation was performed in the same manner as described in Inventive Example 1 and Comparative Example 
1 except that 1 % of soybean protein (Trade Name: Esusan Meat, Ajinomoto Co., Inc.) was used in place of yeast extract. 
The oil preparations obtained were analyzed forthe content of unsaponifiabie matters, the content of 24,25-methylene- 
cholest-5-en-3 p -ol, and the content of arachidonic acid after the same treatment as described in Inventive Example 1 
and Comparative Example 1 . The results are shown in Table 4. 



Table 4 





Unsaponifiabie matters 
content 


24,25-methylenechole st-5- 
en-3 p -ol content 


Arachidonic acid content 


Inventive Example 4 


0.5% 


0.09% 


37% 


Comparative Example 4 


1.1% 


0.20% 


37% 



Inventive Example 5 

[0056] Mortlerella alpina ATCG 32221 as the arachidonic acid-producing microorganism was Inoculated in a 50-1 
culture tank along with 25 1 of a culture medium containing 4 % of glucose, 1 .2 % of defatted soybean powder, 0.2 % 
potassium hydrogen phosphate, and 0.1% of soybean oil, and culture with aeration and agitation was performed for 5 
days at 28°C with aeration at 1.0 wm, agitation rate at 300 rpm, and the internal pressure of the tank of 1.0 kg/cm^G. 
Arachidonic acid-containing microbes were collected by filtration and drying. The microbes thus obtained were treated 
in the same manner as described in Inventive Example 1 and Comparative Example 1, and the resultant oil preparations 
were analyzed for the content of unsaponifiabie matters, the content of 24,25-methylenechoiest-6-en-3 p -ol, and the 
content of arachidonic acid. The results are shown in Table 5. 



Table 6 





Unsaponifiabie matters 
content 


24,25-methylenechole st-5- 
en-3 p -ol content 


Arachidonic acid content 


Inventive Example 5 


0.5% 


0.02% 


25% 


Comparative Example 5 


0.9% 


0.05% 


25% 
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Claims 

1. Arachidonic acid-containing edibie oil originating in microorganisms containing not more than 0.8 % by weight of 
unsaponifiable matters and 20 % by weight or more of arachidonic acid. 

2. Arachidonic acid-containing edible oil originating in microorganisms as claimed in Claim 1, wherein the content of 
unsaponifiable matters is not more than 0.6 % by weight. 

3. Arachidonic acld-contalning edible oil originating in microorganisms as claimed in Claim 1 or Claim 2, wherein the 
content of 24,25-methylenecholest-5-en-3 p -ol Is not more than 0.3 % by weight. 

4. Arachidonic acid-containing edible oil originating in microorganisms as claimed In Claim 3, wherein the content of 
24,25-methylenecholest-5-en-3 p -ol is not more than 0.15 % by weight. 

5. Arachidonic acld-contalning edible oil originating in microorganisms as claimed in any one of Claim 1 to Claim 4, 
wherein said microorganisms are microorganisms belonging to the subgenus Mortierelta of the genus Mortierefia 
and being capable of producing arachidonic acid. 

6. Arachidonic acld-contalning edible oil originating in microorganisms as claimed in Claim 5, wherein said microor- 
ganisms belonging to the subgenus Mo/t/ere//a are those belonging to the species alpha of the subgenus Mortierelta. 

7. Foods including arachidonic acid-containing edible oil as claimed in any one of Claim 1 to Claim 6. 

8. Formula for premature infants, infant formula, foods for infants, and foods for pregnant women and nursing mothers. 
Including arachidonic acid-containing edible oil as claimed in any one of Claim 1 to Claim 6. 
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